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ABSTRACT 
Since the implementation of distributed operations with a higher density of tactical field 
radios, optics and electrical tactical equipment, the demand for batteries has increased 
significantly. While advances in technology have increased the lethality of Department of 
Defense (DoD) forces, sustainment and increased resupply convoys have increased the 
risk of logistical support and costs. This thesis examines the viability, cost savings, and 
operational weight associated with the use of rechargeable batteries. 
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The implementation of distributed operations has resulted in greater demand for tactical 
field radios, optics and electrical tactical equipment, which consume large quantities of 
batteries. Rechargeable batteries present the opportunity to reduce life cycle costs, such 
as procurement, operation and support (O&S) and disposal costs. The primary objectives 
of this thesis are to develop a model for analyzing the impact of rechargeable batteries 
(IRB) for use by decision makers, and to compute the cost and weight associated with 
using rechargeable and non-rechargeable batteries needed to support a Marine Corps 
infantry battalion. 
Each rechargeable battery costs and weighs more than its non-rechargeable 
counterpart; however, units may carry fewer of them to accomplish the same mission. 
Using rechargeable batteries saves money, reduces weight, reduces hazardous waste, and 
reduces resupply convoys, which results in fuel savings and lower risk to the force. The 
long-term savings associated with using rechargeable batteries increases as a function of 
the number of times they are recharged.  
The model shows that the greater the daily demand for batteries, the greater the 
savings from using rechargeable batteries. As daily demand for batteries increases, the 
return on the investment in rechargeable batteries may be measured either in classic 
financial management terms or in saved “days of supply (DOS)” of batteries needed to 
operate. Rechargeable batteries are reliable and designed to be recharged 224 to 1,000 
times. Furthermore, the savings are compounded each time the battery is recharged. 
Under a 30-day deployment scenario, it is estimated that three DOS of batteries 
(recharged ten times) may result in a savings of $174,418. 
Rechargeable batteries reduce life cycle costs, which generate savings by 
replacing recurring costs with a single purchase, transportation, and disposal cost. Over 
the course of 30 days, the total battery weight that is carried by the unit is reduced by 
80% compared to non-rechargeable batteries. The environmental impact is a savings of 
3,512 lbs of potentially hazardous solid waste (1,665 cubic feet). Most of the savings 
 xvi
associated with the use of rechargeable batteries will be experienced by the operational 
battalion that consumes them while the transportation and disposal savings will be 
experienced by supporting units and base organizations. During the scenario, all 
investment costs are recovered, as well as the ROI of 34 percent. ROI continues to 
increase favorably with each recharge until the battery is no longer serviceable. 
The Marine Corps and other services should implement policies to use 
rechargeable batteries when operationally feasible. Solar panels work well with 
rechargeable batteries and represent an opportunity to further reduce weight, fuel 
consumption, and resupply convoys if fielded in greater numbers. Future rechargeable 
batteries should be required to weigh less, last longer, and operate existing systems. 
Additionally, the Department of Defense should endeavor to increase the commonality of 
rechargeable batteries across Services and systems.  
Using rechargeable batteries is one step among many that can be taken now that 
will save money, reduce weight, save lives, and reduce resource consumption. 
Rechargeable batteries will increase energy independence and reduce DoD resource 
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I. INTRODUCTION 
A. INCREASED DEMAND FOR RADIOS: PRE-OEF/OIF AND POST-
OEF/OIF COMMUNICATIONS 
This chapter introduces the changes to infantry battalion operations and logistical 
support. Prior to the onset of Operation Enduring Freedom (OEF) and Operation Iraqi 
Freedom (OIF), Marine Corps infantry battalions had fewer tactical high frequency (HF), 
very high frequency (VHF), and ultra-high frequency (UHF) radios. World threats, 
military operations other than war (MOOTWA), small-scale conflicts, humanitarian 
operations, and technology led to the evolutionary concept of distributed operations. 
Distributed Operations involved units smaller than the infantry battalion, such as 
companies, platoons, squads, and teams conducting operations farther and more 
frequently from the battalion main support area. Communication is essential, so more 
tactical radios were fielded to allow better communication with the smaller operating 
forces. The quantity of HF, VFH, and UHF radios increased from 78 to 114 (MCCOC). 
B. TYPE 90 FAMILY OF BATTERIES 
1. Non-Rechargeable Batteries 
The HF, VHF, and UHF radios are powered by batteries when carried or “man 
packed”—that is, not mounted in a vehicle, standing electrical grid, or generator. These 
batteries are in the Type 90 family of batteries. Each battery meets certain voltage, 
amperage, size, and connector requirements. The BA-5590 is called the “workhorse” of 
military batteries because of the numerous communication and weapons systems they 
power. The BA-5590 is a 12v 15-ampere lithium sulfur dioxide (LiSO2) weighing 2.3 lbs 
(see Appendix A for more detailed information regarding the BA-5590 battery).  
2. Rechargeable Batteries 
The BB-390 battery is a rechargeable nickel metal hydride (NiMH) battery 
designed to be a “drop in” replacement for disposable BA-5590 batteries. The BB-390 
battery was much heavier than the BA-5590 battery, weighing 3.9 lbs. In addition to the 
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increased weight, the BB-390 had only 60–80% run time compared to the lighter BA-
5590 battery (POWER). See Appendix B for additional information on the BB-2590 and 
Appendix C for the details on the BB-390. 
The BB-2590 is a fairly new rechargeable battery. The BB-2590 was built as a 
drop in replacement for BA-5590 batteries in most applications. The BB-2590 is a 
lithium ion (Li-Ion) battery. The BB-2590 weighs 3.2 lbs and has 97% of the run time 
compared to the BB-2590 (POWER). The BB-2590 battery has a four-year warranty 
from date of manufacture and is designed to be used between 224 and 1,000 times (Bren-
Ttronics, personal communication, April 23, 2011). A test by L-3 Communications has 
not found a battery that has failed during the first four years of heavy laboratory and 
controlled field tests (M. Bissonnette, personal communication, May 2, 2011). It is 
reasonable to assume that an infantry battalion would get multiple uses from a single 
rechargeable battery. 
3. Demand for XX90 Batteries 
As the quantity of radios increased, the demand for batteries increased 
consequently. The estimated daily demand for BA-5590 batteries increased from 84 to 
182 per day (MCCOC).  
According to previous studies and data from the Second Marine Expeditionary 
Force (II MEF), Type 90 series batteries constitute 95% of battery demand. In FY10, 
$3,015,924 was spent on XX90 series batteries to support II MEF and combat operations 
in Afghanistan. Of that, $2,109,906, or 67% was spent on non-rechargeable XX90 
batteries (II MEF spreadsheet). 
C. METHODOLOGY 
Equipment used by DoD have varying life cycle costs. Figure 1 displays the 
abstract costs associated with each phase of the life cycle: research development test and 
evaluation (RDT&E), production, operating and support (O&S) also called operation and 
maintenance (O&M), and disposal. 
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Figure 1.   Life Cycle Costs Over Time (From Operations Analysis-4702 [OA-4702], 
2010) 
The author believes that the larger production costs of rechargeable batteries will 
be offset by the reduced O&S and disposal costs, which are higher for disposable 
batteries. 
D. LIMITS OF RESEARCH 
Because tactical operations vary greatly, a model was developed based upon a 
simplified training exercise to compare the costs associated with using rechargeable 
batteries versus the cost of using non-rechargeable batteries. The model uses basic 
requirements for a non-deployed Marine Corps infantry battalion conducting training 
operations in and around Marine Corps Base Twenty-nine Palms, California, for 30 days. 
The data used in the model to describe battery usage was derived from the Table 
of Organization and Equipment (TO&E; U.S. Marine Corps, 2011) for the standard 
Marine Corps infantry battalion and instruction given by Marine Corps Communication 
Officers Course (MCCOC, 2010). The TO&E provides the number of radios that use 
XX90-series batteries. Currently, the battalion uses AN/PRC-117F, AN/PRC-119F, and 
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AN/PRC 150 radio systems, which are considered the principal end items (PEIs) and it 
was assumed that 30 days of battalion fire and maneuver exercises would be conducted 
that would constitute the overall battery demand.  
The U.S. Army Communication and Electronics Command (CECOM) developed 
a spreadsheet model called Power Optimizer for the Warfighter’s Energy Requirement 
(POWER) that is used to determine battery requirements. The POWER version 1.3f, 
which provides detailed performance information for the BA-5590 and BB-2590 
batteries, was used to set parameters in the model of the U.S. Marine Corps infantry 
battalion. Appendix D describes POWER and how it was used to verify battery demand 
for each PEI.  
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II. BACKGROUND 
A. FULLY BURDENED COSTING 
The IRB builds upon previous cost analysis for commodities, such as fuel and 
non-rechargeable batteries. The fully burdened cost of fuel (FBCF) Corely (2009) lays 
the groundwork for this thesis. The FBCF considers the indirect costs associated with 
transportation of fuel to the end user compared to the budgeted price of fuel that planners 
typically use to report fuel costs. Corley validated “previous research efforts that contend 
the cost to deliver, store and protect the energy and its logistics tail can be many times 
greater than the commodity price of fuel alone” (Corley, 2009). The author examined 
additional costs (or “burdens”) associated with delivering fuel to the end user, which 
include, but are not limited to, security, manpower, and delivery assets. 
As more resources are used to transport a commodity such fuel, batteries, or water 
additional costs are incurred that should be budgeted. Kiper et al. (2010) investigated the 
life cycle costs associated with the BA-5590 battery in both a CONUS and OCONUS 
scenario. The authors noted that disposal and transportation costs were significant with 
disposal being the largest cost driver in the peacetime, CONUS, scenario and established 
that rechargeable batteries may reduce acquisition (or purchase costs), as well as 
transportation and disposal costs. However, the IRB considers rechargeable batteries to 
be durable goods rather than a consumable commodity. 
B. MANAGEMENT OF WASTE 
Booz Allen Hamilton (2003) investigated the pollution and hazardous waste 
generated by non-rechargeable BA-5590 batteries, and found that rechargeable nickel 
metal hydride NiMH BB-390 batteries would effectively prevent pollution concerns, as 
well as reduce life cycle and environmental compliance costs associated with LiSO2 
waste. The authors find that by employing pollution prevention (P2) opportunities, “the 
Army’s cost for battery management can be greatly reduced” (Booz Allen Hamilton, 
2003). 
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Additionally, Booz Allen Hamilton (2003) find that “[w]hile NiMH batteries 
initially are more expensive, if used properly their life cycle costs are lower and they can 
greatly reduce hazardous waste (HW) compliance issues,” as well as solid waste and 
hazardous waste disposal costs. At the time the study was conducted, the BB-390 battery 
was the only rechargeable battery available approved to replace the BA-5590. As an 
extension of this study, the BB-2590 has replaced the BB-390 as the rechargeable battery 
of choice and similarly does not contain potentially hazardous LiSO2. 
C. OPERATIONAL USE OF PREVIOUS RECHARGEABLE BATTERIES 
Army Brigade Combat Team (BCT) 504 conducted a training exercise at Ft. Polk, 
LA during 2002. The BCT was unable to purchase enough BA-5590 batteries. Due to 
shortages stemming from Operation Enduring Freedom, all available BA-5590 batteries 
were sent to deployed units. The BCT adapted by using only BB-390 rechargeable 
batteries during their exercise. The BCT Signal Officer, Maj. Dedham stated in his after 
action report that “[t]he use of rechargeable batteries instead of BA-5590s at JRTC 02-07 
was successful. There were no reports or indications that systems failed because of a lack 
of batteries.”  
Additionally, Dedham stated in the after action report that resupply and charging 
plans were critical to the successful employment of rechargeable batteries. The BB-390 
had only 60–80% of the run time compared to a BA-5590, whereas the BB-2590 has 
approximately 97% of the run time. The chargers available at that time charged fewer 
batteries than current systems. The BCT used a ratio of 4:1 BB-390 to BA-5590 
throughout the exercise. Because of the BB-2590’s longer run time and increased 
charging capacity, the IRB estimates a 3:1 ratio of BB-2590s to each BA-5590 required. 
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III. IMPACT OF RECHARGEABLE BATTERY METHODOLOGY 
A. INTRODUCTION 
This chapter describes the methodology used to compare costs elements and 
weights of non-rechargeable versus rechargeable batteries. Building upon the work of 
Kiper, Hughley, and McClellan (2010), this thesis quantifies the Impact of Rechargeable 
Batteries (IRB).  
The IRB is defined as the difference between the following. 
 The cost of non-rechargeable batteries from the Department of Defense 
Logistics Agency (DLA), including the additional costs of replacing the 
non-rechargeable batteries, transportation costs  
 Rechargeable batteries and necessary charging equipment 
 Weight comparison between non-rechargeable batteries and rechargeable 
batteries with recharging equipment 
The IRB methodology is applied to a peacetime scenario of a Marine Corps 
infantry battalion to determine if there are differences in cost and weight of using 
rechargeable batteries compared to non-rechargeable batteries. Figure 2 is a graphical 
representation of the methodology used in this thesis. 
 
 
Figure 2.   Impact of Rechargeable Battery Methodology 
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B. RESEARCH QUESTIONS 
The primary objectives of this thesis are to develop a model for analyzing the IRB 
for use by decision makers and to do preliminary cost and weight computations for 
batteries required for a Marine Corps infantry battalion. 
This thesis endeavors to answer the following secondary questions. 
 What are the cost differences in purchasing, investment, and operations 
and maintenance (O&M), between current disposable BA-5590 batteries 
and the BB-2590 rechargeable batteries? 
 What are other quantified benefits, such as transportation and disposal 
savings of using rechargeable batteries? 
 Will rechargeable batteries lighten the load of a Marine Corps infantry 
battalion? 
C. LIMITATIONS OF THE IMPACT OF RECHARGEABLE BATTERY 
COST ELEMENTS 
The cost of using batteries depends on their operational use, so this thesis 
develops the IRB model that provides cost elements of using rechargeable batteries in 
varying scenarios. The results from the IRB should not be considered definitive, but 
rather useful for comparing the costs and benefits of the batteries and different systems 
used in the model. The results may aid decision-makers in their evaluation of short-term 
and long-term effects of employing non-rechargeable versus rechargeable batteries. 
D. SCENARIO DEVELOPMENT 
The author used the following operational scenario to compare the battery life 
cycle costs of disposable batteries with rechargeable batteries in the same system of 
principal end items (PEIs). The scenario uses basic requirements for a non-deployed 
Marine Corps infantry battalion conducting 30 days training operations in and around 
Marine Corps Base Twenty-nine Palms, California, for 30 days. Figure 3 outlines the life 




The Table of Organization and Equipment (TO&E) detailed the number of radios 
that use XX90-series batteries. The author assumed 30 days of battalion fire and 
maneuver exercises. The battalion used AN/PRC-117F, AN/PRC-119F, and AN/PRC 
150 radio systems. The other key assumptions are the following. 
 The daily demand for XX90-series batteries is 182 per day. This 
assumption is based on information from an analysis by the 
Communication Officer’s Course, Quantico, VA on the increased radio 
system densities for infantry battalion TO&E due to Operation Enduring 
Freedom and Operation Iraqi Freedom (MCCOC, 2010). POWER 1.3f 
was used to determine if rechargeable batteries could safely be used in 
each PEI. The BB-2590 batteries were used to their maximum capacity by 
monitoring the built in status of charge indicators (SOCI).  
 Three DOS of rechargeable BB-2590 batteries and charging equipment 
replace 30 DOS of disposable BA-5590. This assumption is based on the 
charging capacity of 720 batteries per day of authorized charging systems. 
The 12 SPCs or 12 VMCs could satisfy the daily recharging requirement. 
 The BB-2590 battery is engineered to be recharged between 224 and 1,000 
times or more (M. Bissonnette, personal communication, May 2, 2011; 
Booz Allen Hamilton, 2003; Bren-Ttronics, personal communication, 
April 23, 2011).  
Figure 3 outlines the CONUS scenario. 
 
 
Figure 3.   CONUS Scenario 
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E. RECHARGEABLE BATTERY COST ELEMENTS 
Elements of the fully burdened cost of batteries (FBCB) model developed by 
Kiper et al. (2010) were utilized as a basis for quantifying the direct and indirect cost of 
rechargeable batteries. The cost drivers that apply to IRB are listed in Table 1. 
Table 1.   Battery Cost Elements 
Battery Cost Burdens 
Cost Element Name Description 
Demand Quantity of Batteries Required 
Transportation Cost of Ground Transportation From Defense 
Logistics Agency to Supply Management Unit 
Investment Total Cost of Required Recharging Equipment 
Disposal Cost per Pound of Solid Waste Disposal 
 
Figure 4 illustrates how the sum of the cost drivers will be used to calculate the 
estimated total savings from using rechargeable batteries. 
 
 
Figure 4.   Life Cycle Flow Chart 
The cost elements associated with batteries are based on the FBCB elements that 
were developed by Kiper et al. (2010). The cost burdens have been changed slightly to 
simplify the cost benefit analysis of the IRB. These changes are shown in Table 2. The 
FBCB used additional costs elements not related to the CONUS scenario of the IRB.  
 
 11
Additionally, the purchase price in the FBCB uses the manufacturer’s government price 
whereas the IRB uses the DLA FY11 price. The cost elements used by the IRB include 
the following: purchase price, transportation cost, and disposal cost.  
The IRB will show the estimated savings from using rechargeable batteries 
compared to the cost of using non-rechargeable batteries during each phase of the 
battery’s life cycle. Table 2 shows the changes in costs. 
Table 2.   Comparison of FBCB and IRB Cost Elements 
Cost Element Name FBCB ($) IRB ($) 
Purchase Price 54.73   
BA-5590 Cost   76.68 
BB-2590 Cost   289.00 
Secondary Destination Transportation Costs 1.31   
Transportation Cost   1.81 
Disposal Costs 1.28–2.25   
Disposal   1.28 
 
1. Demand 
The daily demand for batteries, also called days of supply (DOS), is the first input 
needed by the model. The number of batteries required is determined by the user given 
the situation, systems powered, duration, and the frequency with which a battery is 
replaced in each radio or weapon system. The IRB uses 182 batteries per day as the base 
case. 
2. Purchase Costs and Savings 
The purchase price of a battery is the amount paid by the battalion for each 
individual battery from DLA. Table 3 provides cost and weight data extracted from DLA, 







Table 3.   Battery Purchase Price and Weights (From: Defense Logistics Agency, 
POWER 1.3f) 
Battery Purchase Price 
  Unit Price Unit Weight 
BA-5590 $76.68* 2.25 lbs  
BB-2590 $289.00* 3.2 lbs  
 
The prices are the current FY2011 prices from DLA, which can be “an additional 
45% over the original purchase price” (Kiper et al., 2010, p. 38) from the manufacturer. 
For the purposes of this thesis, the purchase price starts with the unit prices of $76.68 and 
$289.00 for the BA-5590 and BB-2590, respectively. These prices include the DLA cost 
burden identified by Kiper et al. (2010). 
3. Purchase Savings 
The purchase savings are outlined in the following equations: 
 
Purchase Savings = (n – 1) * Price of Disposable – Price of Rechargeable 
 
where n = number of times the rechargeable battery is used. 
For example, for n=1: Purchase Savings= (0 * $76.68) – $289= -$289. 
That is, the first time a rechargeable battery was used there was no savings from 
the rechargeable battery to reduce the cost.  
 
For n=2: (1 * $76.68) – 289 = -$212.32 
For n=3: (2 * $76.68) – 289 = -$135.64 
Table 4 shows the purchase savings for each recharge of a BB-2590. Note that 








Table 4.   Purchase Savings 
n= Uses Reuses 
BA-5590 
Price ($) BB2590 Price ($) Savings ($) 
1 0 76.68 289 -289.00 
2 1 153.36 289 -212.32 
3 2 230.04 289 -135.64 
4 3 306.72 289 -58.96 
5 4 383.40 289 17.72 
6 5 460.08 289 94.40 
7 6 536.76 289 171.08 
8 7 613.44 289 247.76 
9 8 690.12 289 324.44 
10 9 766.80 289 401.12 
 
4. Investment Costs 
The IRB now considers the investment cost of purchasing the recharging 
equipment and will consider the cost of the batteries in a later section. The total cost to 
purchase recharging equipment is less than $112,887. There are currently three chargers 
authorized to recharge a BB-2590 battery (MCCOC, 2010): the Soldier Portable Charger 
(SPC), the Vehicle Mounted Charger (VMC), and the Solar Portable Alternative 
Communication Energy System (SPACES).  
The SPC is a 27 lb. rugged suitcase that can charge multiple batteries of various 
sizes, voltage, and chemistry. The SPC can charge eight BB-2590s in eight hours or less 
(Appendix E) and costs $2,042 per unit (TO&E, 2011). The VCM is a 34 lb. charger that 
is mounted and wired into the electrical system of a tactical vehicle.  
The VCM charges eight BB-2590s in five hours or less (see Appendix F) and can 
also charge multiple sizes, voltage, and chemistry batteries at the same time. A VCM 
costs $2,312 each (TO&E, 2011).  
The SPACES charger is a flexible solar panel designed to be carried in a small 
patrol pack and weighs 2.6 lbs (see Appendix G), which is less than the weight of one 
rechargeable battery. It can charge two batteries while powering a radio in approximately  
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six hours and costs $5,053 per system (TO&E, 2011). A SPACES system can be “field 
stripped” to essential components, which weigh 1.2 lbs (MCCOC, 2010). Table 5 































CHARGER  27 2,042  12 8 8 24,504  24 288 324 # 
SPACES  2.6 5,053  12 2 6 60,639  4 * 48 31.2 
VEHICLE 
MOUNTED 
CHARGER  34 2,312  12 8 5 27,744  32 ** 384 408 # 
          
Total Cost 
of 
Rechargers 112,887    720 763.2## 
          
Total BB-
2590 Cost 157,794        




Rechargers 270,681        
# Vehicle Carried; 
## Total Embarkation Weight; 
* Assumes 12 Hours Daylight; 
** Assumes 4 Complete Charge Cycles  
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A Marine Corps infantry battalion is authorized 12 of each recharging system 
(TO&E, 2011). The total cost of all 36 systems if purchased by the battalion is $112,887. 
However, the 36 initially fielded systems are a “free issue,” to the battalion according to 
fielding plans (MCCOC, 2010), which means that the battalion does not spend its own 
Operation and Maintenance (O&M) funds to purchase the system.  
The total weight for all 36 systems in the battalion is 763 lbs. The IRB considers 
the total weight for all batteries and charging systems that support the PEIs including the 
systems embarked for transportation, such as the VMCs and SPCs.  
The maximum battalion recharging capacity for batteries is 720 per day (using all 
VMCs 24 hours and given 12 hours of daylight, which is not always possible). The 12 
SPCs are capable of charging 288 batteries per day, which exceeds the estimated daily 
demand of 182. 
The total investment cost is defined below. 
Total Investment Cost = Total BB-2590 Cost + Total Cost of Rechargers 
5. Transportation Costs and Savings 
The transportation cost used for this model will be based on the secondary 
destination transportation charge (SDC) outlined in FBCB (Kiper et al., 2010, Table 11). 
Kiper et al. (2010) calculated the cost of transporting the battery from the DoD supply 
depot to the base/installation supply depot as $1.31 per pound and then converted this to a 
percentage of battery procurement costs. Specifically, they computed $1.31 / $54.73 = 
2.39 percent. In the IRB calculation, this percentage is applied to the cost of a battery to 
get transportation costs as .0239 * $76.68 = $1.84 per lb. 
6. Transportation Savings 
The rechargeability of BB-2590 batteries provides the basis for estimating 
transportation savings when compared to the costs of transporting BA-5590 batteries, as 
shown in Table 6. The transportation savings equation is defined below: 
 
 17
Transportation Savings = (n * Transportation Rate * Weight of Disposable) – 
(Transportation Rate * Weight of Rechargeable) 
where n = # times battery is used and n= 1,2, …,1000. 
For example, for n=1:  
Transportation Savings= (1 * $1.31 * 2.25 lbs) – ($1.84 * 3.2 lbs) = -$2.94. 
A rechargeable battery weighs .95 lbs more than a disposable. Because of 
rechargeability, a BB-2590 costs less to transport than numerous BA-5590 batteries. 
For n=2: Transportation Savings (2 * $1.31 * 2.25) – ($1.84 * 3.2) = $0.01 
For n=3: Transportation Savings (3 * $1.31 * 2.25) – ($1.84 * 3.2) = $2.95 










1 1.31 2.3 3.2 -2.94 
2 1.31 4.5 3.2 0.01 
3 1.31 6.8 3.2 2.95 
4 1.31 9.0 3.2 5.90 
5 1.31 11.3 3.2 8.85 
6 1.31 13.5 3.2 11.80 
7 1.31 15.8 3.2 14.74 
8 1.31 18.0 3.2 17.69 
9 1.31 20.3 3.2 20.64 
10 1.31 22.5 3.2 23.59 
 
7. Disposal Costs and Savings 
Previous studies have estimated the average battery disposal cost per pound. As 
noted by Booz Allen Hamilton (2003), there are two methods for disposing of solid 
waste. The first method treats used batteries as hazardous material (HAZMAT) waste if 
there is a charge remaining. HAZMAT disposal is $9.30 per battery (Ross & Hull, 1999) 
or $4.04 per pound of BA-5590 LiSO2 batteries. 
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The second method treats used batteries as nonhazardous solid waste (NHSW). 
According to Kiper et al. (2010), the disposal cost by the Department of Public Works 
Environmental Divisions at Joint Base Lewis-McCord, WA and Ft. Stewart, GA is $2.25 
to $1.28 per pound, respectively.  
The third option uses a commercial company, Toxco, at a rate of $2.5 to $3.5 per 
pound regardless of whether the batteries had a charge remaining at the time of disposal 
(Kiper et al., 2010). The differences among the disposal costs are mostly due to the 
location of the base and the distance to the disposal facility. For the purposes of the IRB, 
the lowest government provider cost of $1.28 per pound is used as the basis for the 
disposal cost because it was the most conservative government disposal estimate for 
NHSW and would not overestimate savings. 
8. Solid Waste Calculation 
In 2003, Booz Allen Hamilton wrote a report titled Management Options for Used 
Lithium Sulfur Dioxide (LiSO2) Primary Batteries for the U.S. Army’s concern over the 
growing amount of HAZMAT from LiSO2 batteries (Booz Allen Hamilton, 2003). The 
Army leadership wanted to ensure compliance with the established environmental 
policies as the number of radios and used primary batteries increased significantly with 
the rapid buildup for Operation Iraqi Freedom. Booz Allen Hamilton reported that a 
complete discharge device (CDD) could be used to ensure no charge remained in an 
XX90-series battery. Accordingly, a properly discharged battery could be classified as 
NHSW instead of HAZMAT, saving money on disposal costs. 
9. Disposal Savings 
The rechargeability of BB-2590 batteries provides the basis for estimating 
disposal savings when compared to the costs of disposing BA-5590 batteries, as shown in 
Table 7. The NHSW disposal savings equation is defined below: 
 
NHSW Savings = (n * NHSW Cost * Weight of Disposable) – (NHSW Cost * Weight of 
Rechargeable) 
where n = # times battery used. 
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For example, for n=1: NHSW Savings n1 = (1 * $2.25 * 2.25 lbs) – ($2.25 * 3.2 
lbs) = -$1.22. 
That is, a rechargeable battery weighs .95 lbs more than disposable battery. On 
first use, a rechargeable battery costs more to dispose of compared to a disposable 
battery. 
For n=2: NHSW Savings n2 = (2 * $2.25 * 2.25 lbs) – ($2.25 * 3.2 lbs) = $1.66 
For n=3: NHSW Savings n3 = (3 * $2.25 * 2.25 lbs) – ($2.25 * 3.2 lbs) = $4.54 












1 1.28 2.3 3.2 -1.22 -0.95 
2 1.28 4.5 3.2 1.66 5.80 
3 1.28 6.8 3.2 4.54 17.05 
4 1.28 9.0 3.2 7.42 32.80 
5 1.28 11.3 3.2 10.30 53.05 
6 1.28 13.5 3.2 13.18 77.80 
7 1.28 15.8 3.2 16.06 107.05 
8 1.28 18.0 3.2 18.94 140.80 
9 1.28 20.3 3.2 21.82 179.05 
10 1.28 22.5 3.2 24.70 221.80 
 
10. Solid Waste Savings 
Each recharge of a BB-2590 battery results in physically fewer batteries 
accumulating in the landfill, compared to disposable BA-5590 batteries discarded after 
one use. Each subsequent use of a BB-2590 saves 2.25 pounds of LiSO2 NHSW from 
going into a landfill, as shown in Table 8. 
The solid waste savings calculation is described by: 
 
Pounds of Solid Waste Savings = (n * Weight of Disposable) – (Weight of Rechargeable) 
 
where n = # times battery used. 
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For example, for n=1: NHSW Savings= (1 * 2.25 lbs) – (3.2 lbs) = -.95 lb. 
That is, a rechargeable battery weighs .95 lbs more than a disposable battery. On 
first disposal a rechargeable battery costs more to dispose of compared to a disposable 
battery. 
For n=2: NHSW Savings= (2 * 2.25 lbs) – (3.2 lbs) = 1.3 lbs 
For n=3: NHSW Savings= (3 * 2.25 lbs) – (3.2 lbs) = 3.6 lbs 
11. Disposal Cost Savings 
When the estimates done in the previous paragraphs are combined, as pounds of 
solid waste are reduced, the disposal costs of the NHSW are similarly reduced. Table 8 
shows the disposal savings per battery. 










1 1.28 2.3 3.2 -1.22 
2 1.28 4.5 3.2 3.33 
3 1.28 6.8 3.2 13.63 
4 1.28 9.0 3.2 29.70 
5 1.28 11.3 3.2 51.52 
6 1.28 13.5 3.2 79.10 
7 1.28 15.8 3.2 112.45 
8 1.28 18.0 3.2 151.55 
9 1.28 20.3 3.2 196.42 
10 1.28 22.5 3.2 247.04 
 
12.  Weight Savings-Less Equipment Carried 
The previous paragraphs address financial savings from using rechargeable 
batteries. This paragraph addresses possibility of carrying less equipment to conduct 
operations. Table 9 shows the costs and weights of 30 DOS of BA-5590 and BB-2590. 
Both weight savings and percent savings are calculated and displayed in Table 9. 
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1                182             13,989            410               182          165,485           1,346                  (936)                     329%
2                364             27,977            819               364          218,083           1,928                  (1,109)                  235%
3                546             41,966            1,229            546          270,681           2,510                  (1,282)                  204%
4                728             55,954            1,638            546          270,681           2,510                  (872)                     153%
5                910             69,943            2,048            546          270,681           2,510                  (463)                     123%
6                1,092          83,931            2,457            546          270,681           2,510                  (53)                       102%
7                1,274          97,920            2,867            546          270,681           2,510                  356                      88%
8                1,456          111,908          3,276            546          270,681           2,510                  766                      77%
9                1,638          125,897          3,686            546          270,681           2,510                  1,175                   68%
10              1,820          139,885          4,095            546          270,681           2,510                  1,585                   61%
15              2,730          209,828          6,143            546          270,681           2,510                  3,632                   41%
20              3,640          279,770          8,190            546          270,681           2,510                  5,680                   31%
25              4,550          349,713          10,238          546          270,681           2,510                  7,727                   25%
30              5,460          419,656          12,285          546          270,681           2,510                  9,775                   20%
BA-5590 BB-2590 Savings
 
13. Total Monetary Savings  
Table 10 tabulates the total monetary savings as a function of n, the number of 
recharges. The total monetary savings for each BB-2590 is calculated as follows. 
 
Total Monetary Savings = Purchase Savings + Transportation Savings + NHSW 
Disposal Savings 













1 -289.00 -1.75 -1.22 -291.96 
2 -212.32 2.39 1.66 -208.26 
3 -135.64 6.53 4.54 -124.56 
4 -58.96 10.67 7.42 -40.86 
5 17.72 14.81 10.30 42.84 
6 94.40 18.95 13.18 126.54 
7 171.08 23.09 16.06 210.24 
8 247.76 27.23 18.94 293.94 
9 324.44 31.37 21.82 377.64 
10 401.12 35.51 24.70 461.34 
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14. Fully Burdened Cost of Rechargeable Batteries 
As an extension of previous studies, adding the direct and indirect life cycle costs 
will estimate the fully burdened cost (FBC). The additional transportation or operations 
and support (O&S) and disposal costs need to be considered singularly, categorically, as 
a percentage, and as a total outlined in Table 11. 
The FBC is defined as the following. 
 
Fully Burdened Cost (FCB) Total Cost = Purchase Price + Transportation Cost + 
NHSW Disposal Cost 









Cost ($) Difference % 
BA-5590 76.68 2.95 2.88 82.51 8% 
BB-2590 289.00 6.11 4.10 299.20 4% 
15. Return on Investment 
To determine the return on investment (ROI) as used throughout the business and 
investment industry, take the value from the total monetary savings per battery multiplied 
by the daily requirement, and then divide by the total investment cost that includes all 
batteries and equipment. That is: 
 
ROI = (Total Monetary Savings per Battery * Daily Requirement) / (Total Investment 
Cost ) 
 
ROI = (Total Monetary Savings per Battery * 182) / (270,681 – (182 * n* 76.68)). 
 
Table 12 demonstrates the increasing ROI during a month of operations, for 




























1 -299.2 -1.7 -1.2 -1.0 -302.1 -34% 
2 -216.4 2.4 1.7 1.3 -216.5 -18% 
3 -133.9 6.5 4.5 3.6 -122.8 -8% 
4 -51.4 10.7 7.4 5.8 -33.3 -2% 
5 31.1 14.8 10.3 8.1 56.3 4% 
6 113.7 19.0 13.2 10.3 145.8 10% 
7 196.2 23.1 16.1 12.6 235.3 16% 
8 278.7 27.2 18.9 14.8 324.8 22% 
9 361.2 31.4 21.8 17.1 414.4 28% 
10 443.7 35.5 24.7 19.3 503.9 34% 
 
Figure 5 shows the return on investment (ROI) from using rechargeable batteries.  
 
 






16. Sensitivity Analysis 
Key variables in the ROI analysis are the following. 
 Battery demand per day  
 Number of times the each rechargeable battery is recharged 
To determine the sensitivity of the IRB model to these variables, the author 
created a sensitivity matrix that estimates the saving from batteries needed (1 to 1000) 
and the number of times each battery was recharged (1 to 1000). One can systematically 
change a parameter in the model to determine the effects on savings, or one can look up 
the number of batteries needed per day and the number of times a battery would be 
recharged.  
Using the FBC multiplied times the daily demand times the number of times used 
minus the FBC of required BA-5590s generates a range of potential savings. The 
sensitivity analysis allows decision-makers to better estimate whether using rechargeable 
batteries offers compelling value and thereby permit quick decision making. The results 






Table 13.   Sensitivity Extract 
Batts/Day 1 5 10 50 100 150 200 224 300 500 1000
1 (292)              44              463                 3,818                8,012               12,206             16,400              18,413              24,788              41,564               83,504             
45 (13,138)        1,960        20,833           171,817           360,547           549,277           738,007            828,597           1,115,467        1,870,387         3,757,687       
91 (26,569)        3,964        42,129           347,452           729,106           1,110,760       1,492,414        1,675,608        2,255,722        3,782,338         7,598,878       
182 (53,137)        7,927        84,258           694,904           1,458,212       2,221,520       2,984,828        3,351,216        4,511,444        7,564,676         15,197,756     
364 (106,275)      15,854      168,516         1,389,809       2,916,425       4,443,041       5,969,657        6,702,432        9,022,889        15,129,353       30,395,513     
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IV. ANALYSIS 
A. WEIGHT ANALYSIS 
Rechargeable BB-2590 batteries weigh more than disposable BA-5590 batteries, 
and additional charging equipment is required when using rechargeable batteries. 
However, fewer rechargeable batteries are need for prolonged operations; the net result is 
a total weight savings. Figure 6 shows that three DOS of BB-2590 weigh less than seven 
DOS of BA-5590s. Additionally, three DOS of BB-2590 with all charging equipment 
weigh 80% less than 30 DOS of disposable batteries, as seen in Table 9 and Appendix H.  
 
 
Figure 6.   Weight Comparison 
As demonstrated in Chapter IV, net weight savings are a significant factor 
because weight is also a cost driver. As the daily demand for batteries increases, the net 
weight savings from rechargeable batteries become more advantageous. The additional 
weight of the charging equipment varies from 12 lbs to 763 lbs. The SPCs and VMCs are 
transported by vehicles. Again, the IRB uses the aggregated weight for all rechargeable 
batteries and recharging systems that an infantry battalion owns. 
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B. COST ANALYSIS 
Similar to the weight analysis, the investment in BB-2590 batteries and charging 
equipment is greater than the cost of using BA-5590 batteries. A cost breakeven point is 
seen at the 20-day mark (Appendix H). The cost of $279,770 for disposable batteries is 
greater than the cost of $270,681 for rechargeable batteries and all charging equipment. 
Figure 7 shows the simple purchase cost comparison between BA-5590 batteries and BB-
2590 batteries with all charging equipment, as a function of DOS. 
 
 
Figure 7.   Cost Comparison 
C. FULLY BURDENED COST ELEMENTS 
As fully burdened cost (FBC) elements are included in the analysis, the cost 
breakeven point between BA-5590s and BB-2590s decreases. By including the FBC 
elements, the breakeven point shifted to the left by one day (Appendix H). Figure 8 














Figure 8.   Cost Comparisons of Fully Burdened Cost Elements 
As the daily demand for batteries increases, the FBC breakeven point continues to 
shift to the left. Figure 9 shows the relationship between the varying daily demands. The 
FBC breakeven points using various daily demands of 91, 182, and 364 are 26, 19, and 
15 days, respectively. The conclusion is that, when demand increases, the savings from 

































Figure 9.   FBC Comparison Between Various Daily Demands 
Figure 10 shows the accumulation of savings of each life cycle cost. 
 
 
Figure 10.   Savings from Rechargeable Batteries Over 10 Uses 
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As each cost element increases, the savings from using rechargeable batteries 
increases. The savings are compounded with each use of a rechargeable battery. 
In the 30-day scenario, each BB-2590 would be recharged 10 times. The FBC 
elements as a percentage of purchase price is essentially compounded each time the 
rechargeable battery is re-used. For example, Figure 11 displays the cost burdens as a 





Figure 11.   Breakdown of Savings by Percentage 
Figure 12 portrays the breakdown of cumulative savings as a rechargeable battery 




Figure 12.   Accumulation of Savings 
D. SOLID WASTE SAVINGS 
Each time a rechargeable battery is used, it saves another battery from being 
discarded into a landfill or being sent to a disposal service shown in Table 9. Therefore, 
rechargeable batteries can provide solid waste disposal savings, and these savings can be 
estimated from the weight of the batteries. For example, 182 rechargeable batteries used 
10 times prevents 3,512 lbs and 1,665 cubic feet of LiSO2 waste from entering a landfill 
after a 30 day operation. Additionally, there is a reduction in environmental risk, although 
the value of this reduction is yet to be determined. Figure 13 shows the accumulated 




Figure 13.   Solid Waste Savings per BB-2590 Battery 
E. SENSITIVITY ANALYSIS 
Sensitivity analysis demonstrates the robustness of the analysis. It illustrates the 
changes in savings as the daily demand and usage changes. Table 14 is an extract from 
the sensitivity analysis table. Table 14 shows the range of savings depending on the 
number of batteries required per day and the number of times each battery is recharged. 













Table 14.   Sensitivity Extract 
Batts/Day 1 5 10 50 100 150 200 224 300 500 1000
1 (292)              44              463                 3,818                8,012               12,206             16,400              18,413              24,788              41,564               83,504             
45 (13,138)        1,960        20,833           171,817           360,547           549,277           738,007            828,597           1,115,467        1,870,387         3,757,687       
91 (26,569)        3,964        42,129           347,452           729,106           1,110,760       1,492,414        1,675,608        2,255,722        3,782,338         7,598,878       
182 (53,137)        7,927        84,258           694,904           1,458,212       2,221,520       2,984,828        3,351,216        4,511,444        7,564,676         15,197,756     
364 (106,275)      15,854      168,516         1,389,809       2,916,425       4,443,041       5,969,657        6,702,432        9,022,889        15,129,353       30,395,513     





V. CONCLUSIONS AND RECOMMENDATIONS 
A. CONCLUSION 
The model shows that the greater the daily demand for batteries, the greater the 
savings from using rechargeable batteries. Figure 10 demonstrates that as each cost 
burden (i.e., transportation or disposal cost) increases, the savings from rechargeable 
batteries increases. As daily demand increases, breakeven points are experienced sooner 
as shown in Figure 9. Furthermore, the savings are compounded each time the battery is 
recharged. Figure 14 demonstrates the 34% ROI in the scenario from using three DOS of 
rechargeable batteries charted over the first ten uses. 
 
 
Figure 14.   Return on Investment from Rechargeable Batteries 
Figure 15 shows the ROI increasing as a function of the number of times a 












Figure 15.   Return on Investment of 182 Batteries per Day 
Appendix H lists the daily IRB scenario calculations. Table 14 estimates the range 
of savings determined by the daily demand and number of times each battery is 
recharged.  
Rechargeable batteries have reduced life cycle costs, which generate savings by 
replacing recurring costs with a single purchase, transportation, and disposal cost. Most 
of the savings from rechargeable batteries will be experienced by the using battalion. 
Transportation and disposal savings will be experienced by supporting units and base 
organizations.  
A battalion that uses rechargeable batteries would not need be resupplied with 
batteries by an external supporting unit. According to Hargeaves (2011), one in eight 
Army casualties resulted from protecting convoys. A logical extension is that by using 
rechargeable batteries at forward combat outposts and operating bases, resources would 
be reduced or eliminated from resupply convoys. The risk reduction and associated 
savings are outside the scope of this thesis.  
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Using rechargeable batteries is one step among many that can be taken now that 
will save money, reduce weight, save lives, and reduce resource consumption. 
Rechargeable batteries will increase energy independence and reduce DoD resource 
vulnerability, risk of uncertainty, and future costs and budgets.  
B. RECOMMENDATIONS FOR FURTHER STUDY 
1. Develop Rechargeable Battery Technology 
Manufacture lighter rechargeable batteries to reduce weight on the warfighter. 
Increased power density and longer lasting batteries means fewer batteries are required. 
2. Battery Commonality  
Ensure new electronics can use existing rechargeable batteries. Adapters should 
be developed so multiple devices can be powered by a single rechargeable battery when 
worn.  
3. Risk Reduction and Savings from Reduced Convoys 
Develop a model that would estimate the risk reduction and savings from fewer 
resupply convoys due to energy independence.  
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APPENDIX B. MANUFACTURER’S DATA ON THE BB-2590/U 
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APPENDIX G. MANUFACTURER’S DATA ON SPACES 
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APPENDIX H. TABLE OF IRB SCENARIO CALCULATIONS 
 

















Batts & Chrgrs 
($) 
FBC BB-2590 














1  182   13,989   15,017   410   182   54,400   165,485   167,287   1,346  329%  (936)  (152,270) 
2  364   27,977   30,034   819   364   108,800   218,083   221,687   1,928  235%  (1,109)  (191,653) 
3  546   41,966   45,050   1,229   546   163,199   270,681   276,086   2,510  204%  (1,282)  (231,036) 
4  728   55,954   60,067   1,638   546   163,199   270,681   276,086   2,510  153%  (872)  (216,019) 
5  910   69,943   75,084   2,048   546   163,199   270,681   276,086   2,510  123%  (463)  (201,002) 
6  1,092   83,931   90,101   2,457   546   163,199   270,681   276,086   2,510  102%  (53)  (185,985) 
7  1,274   97,920   105,118   2,867   546   163,199   270,681   276,086   2,510  88%  356   (170,969) 
8  1,456   111,908   120,135   3,276   546   163,199   270,681   276,086   2,510  77%  766   (155,952) 
9  1,638   125,897   135,151   3,686   546   163,199   270,681   276,086   2,510  68%  1,175   (140,935) 
10  1,820   139,885   150,168   4,095   546   163,199   270,681   276,086   2,510  61%  1,585   (125,918) 
11  2,002   153,874   165,185   4,505   546   163,199   270,681   276,086   2,510  56%  1,994   (110,901) 
12  2,184   167,862   180,202   4,914   546   163,199   270,681   276,086   2,510  51%  2,404   (95,885) 
13  2,366   181,851   195,219   5,324   546   163,199   270,681   276,086   2,510  47%  2,813   (80,868) 
14  2,548   195,839   210,235   5,733   546   163,199   270,681   276,086   2,510  44%  3,223   (65,851) 
15  2,730   209,828   225,252   6,143   546   163,199   270,681   276,086   2,510  41%  3,632   (50,834) 
16  2,912   223,816   240,269   6,552   546   163,199   270,681   276,086   2,510  38%  4,042   (35,817) 
17  3,094   237,805   255,286   6,962   546   163,199   270,681   276,086   2,510  36%  4,451   (20,800) 
18  3,276   251,793   270,303   7,371   546   163,199   270,681   276,086   2,510  34%  4,861   (5,784) 
19  3,458   265,782   285,320   7,781   546   163,199   270,681   276,086   2,510  32%  5,270   9,233  
20  3,640   279,770   300,336   8,190   546   163,199   270,681   276,086   2,510  31%  5,680   24,250  
21  3,822   293,759   315,353   8,600   546   163,199   270,681   276,086   2,510  29%  6,089   39,267  
22  4,004   307,747   330,370   9,009   546   163,199   270,681   276,086   2,510  28%  6,499   54,284  
23  4,186   321,736   345,387   9,419   546   163,199   270,681   276,086   2,510  27%  6,908   69,300  
24  4,368   335,724   360,404   9,828   546   163,199   270,681   276,086   2,510  26%  7,318   84,317  
25  4,550   349,713   375,421   10,238   546   163,199   270,681   276,086   2,510  25%  7,727   99,334  
26  4,732   363,702   390,437   10,647   546   163,199   270,681   276,086   2,510  24%  8,137   114,351  
27  4,914   377,690   405,454   11,057   546   163,199   270,681   276,086   2,510  23%  8,546   129,368  
28  5,096   391,679   420,471   11,466   546   163,199   270,681   276,086   2,510  22%  8,956   144,385  
29  5,278   405,667   435,488   11,876   546   163,199   270,681   276,086   2,510  21%  9,365   159,401  
30  5,460   419,656   450,505   12,285   546   163,199   270,681   276,086   2,510  20%  9,775   174,418  
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